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Abstract
This study was performed in order to understand the effect of climatological variables on the malaria situation in the north-
east region of India, which is prolonged by the disease. Time-series analysis of major climate parameters like rainfall, 
maximum temperature, minimum temperature, mean temperature, relative humidity, and soil moisture distributions is car-
ried out, and their correlation with the malaria incidence is quantified state-wise, which is the unique part of the study. The 
correlation analysis reveals that malaria is significantly related with the maximum temperature and soil moisture in three out 
of eight states in NE India. To assess the climate variability, the inter-dependency between the meteorological parameters is 
obtained and the state wise correlation matrix for all states are reported. The analysis shows that maximum and mean tem-
perature has highest positive correlation whereas minimum temperature and relative humidity has negative correlation. The 
climate-malaria relation is being carried out in the study region using the regression analysis and the results revealed that the 
regional climate has the most impact for the malaria incidence in the state of Arunachal Pradesh, Meghalaya, Tripura and 
Nagaland and in other states the impact is moderate. Analysis of variance modelling in the regions also indicates the degree 
of the fitment of both the data sets with the regression model and it is observed that the relation is also significant in the same 
4 states. As a case study the impact of large scale oscillations like El Niño-Southern Oscillation on the malaria load is also 
assessed which can be a good indicator in the prediction of the climate and in turn the malaria incidences over the region.
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Introduction

Malaria, a vector-borne epidemic, is one of the dangerous 
diseases affecting the entire world. Complete eradication has 
still been a challenge to many infected countries. Except for 
the areas above 1700 m mean sea level, a major portion of 
the Indian subcontinent is under constant risk of malaria 
outbreak (INC 2004). In India, the peak season of malaria 
risk is observed during monsoon/wet season as it provides 
the optimal weather conditions needed for vector develop-
ment and transmission. However, there is a constant risk of 
the disease throughout the year. Malaria is caused by the 
protozoan Plasmodium parasite. Out of the 5 parasite spe-
cies that harm humans, P. falciparum and P.vivax are of the 
greatest threat. Two of the most efficient malaria vectors are 

An.minimus and An.baimaii with strong predilection for the 
human host (Dev et al. 2013).

The transmission and prevalence of malaria parasites 
depends on the meteorological factors and long term change 
in climate variables (Kovats et al. 2001; Patz 1998). Climate 
change affects the survival rate, reproduction rates, inten-
sity, temporal variability and development of vectors and 
the pathogens they transmit (Kovats et al. 2001). In the past 
100 years, the surface temperature has increased by 0.3 °C 
and variation in rainfall distribution with increased extreme 
rainfall events is seen in India (INC 2004). The incubation 
period of P.vivax and P.falciparum is approximately 12–17 
and 9–14 days respectively (Dhiman et al. 2008). Survival 
temperature of the P.vivax parasite in Anopheline mosqui-
toes was found to be 14.5–16.5 °C and for P.falciparum, it 
varied between 16.5 and 19 °C (Macdonald 1957; Martens 
et al. 1995). Temperature range 20–30 °C and 60% relative 
humidity were observed congenial for parasite develop-
ment in vector host (Bruce-Chwatt 1985). As the malaria 
vectors are poikilothermic, the lifespan of mosquitoes can 
increase by more than a week, if an anomaly of only 1 °C is 
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observed (Jepson 1947). Even an increase in average global 
temperature by 1–3.5 °C, can trigger the risk of vector-borne 
diseases in new regions across the globe (Githeko 2000). 
A significant effect of soil moisture conditions on malaria 
breeding is observed (Malone et al. 2003; Patz 1998). Also, 
the survival of malaria mosquitoes depend on the seasons 
(Russell et al. 1963). The life cycle of mosquitoes strongly 
depends on ambient temperature and available water bodies. 
Several studies showed that the floods/rainfall are likely to 
increase the spread of vector-borne diseases by significant 
increase of the breeding habitats of vectors (Hussien et al. 
2019; Mahendran et al. 2020; Sadoine et al. 2018). The 
ambient temperature of a region can also aid in faster devel-
opment of vectors leading to an epidemic outburst (Fischer 
et al. 2020).

In addition to the weather parameters, deforestation 
also plays an important role in the increase of malaria risk. 
Deforestation leads to a rise in temperature (Lindblade 
et al. 2000), more sunlight and more stagnant water (Patz 
et al. 2000). These factors affect the life cycle of malaria 
mosquitoes and help in rapid pupation and growth rate also 
increases survival time and biting rate (Afrane et al. 2005; 
Munga 2006; Petney 2001; Vittor et al. 2006; Zhong 2016). 
The effect of deforestation on malaria vector transmission is 
characteristic of the region and species responsible for the 
epidemic (Burkett-Cadena and Vittor 2018; Kar et al. 2014; 
Yasuoka et al. 2007). Deforestation in Africa and Latin 
America resulted in a rise in malaria cases but in Asia, it 
decreased (Guerra et al. 2006). A number of studies done 
across the globe, has given different correlation between 
malaria incidence and climate parameters. In some West 
African countries, model output showed a negative correla-
tion with temperature, rainfall and malaria in some parts 
and the same correlation is found to be positive in some 
other (Arab et al. 2014). In southwest Ethiopia, a positive 
dependence between rainfall and relative humidity is seen in 
some of the places (Sena et al. 2015). It is very much evident 
that the correlation between these parameters and malaria 
outburst is very much region specific.

As per 2014–15 annual report of National vector borne 
disease control programme (NVBDCP), about 91% of 
malaria cases and 99% of deaths due to malaria are reported 
from high disease burden states namely North-Eastern 
States, Andhra Pradesh, Chhattisgarh, Gujarat, Jharkhand, 
Karnataka, Madhya Pradesh, Maharashtra, Orissa, Rajasthan 
and West Bengal. However, other states too are subjected to 
the malaria outburst. Even if after several steps carried out, 
the complete eradication of the risk of malaria emergence 
and transmission is not possible (Ray et al. 1988). North east 
India has a subtropical/tropical climate and is characterized 
by rich biodiversity, heavy precipitation and high seismicity. 
The seasons are divided into hot, humid summers, severe 
monsoons and mild winters (Procter et al. 1998). The region 

receives heavy to extreme heavy rain during the south-west 
monsoon (June to September) with a minimum threshold 
of 100 cm. Mawsynram in the NE India receives a mean 
annual rainfall of 1150 cm, highest in the entire world. Due 
to varied terrain location the region witnesses high climate 
variability. The signature of climate change is also seen in 
this region through the frequent calamities such as droughts, 
floods and melting Himalayan glaciers in recent years (Das 
et al. 2009). In summer, temperature in plains is between 
30 and 33 °C whereas hilly region has a temperature range 
of 15–20 °C. Mean January temperature is around 16 °C in 
Assam and the mountainous region has a temperature vary-
ing between a sub-zero to a maximum of 14 °C (Dikshit 
et al. 2014). The mean relative humidity lies between 70 
and 85% almost around the year which is the maximum in 
the country (Jhajharia et al. 2009). The major focal disease 
outbreaks are seen in areas where the dense forest cover 
is observed; states such as Odisha, Chhattisgarh, states of 
north-east India etc. and these states witness high morbidity 
and mortality (Dash et al. 2008).

The heavy rainfall and relative humidity of the north-
eastern states provide the ecology needed for the malaria 
proliferation, survival and longevity (Dev et al. 2003). Many 
studies have suggested that the P.falciparum is the main 
contributor in malaria spread in the NE India region (Dash 
et al. 2008; Dhiman et al. 2010; Patra and Dev 2004; Sharma 
1999). P.vivax also contributes to malaria outbreaks through-
out the year, having peak outburst during the rainy season. 
The highest cases are observed in the states of Arunachal 
Pradesh and Nagaland (Sharma et al. 2015).

As ENSO controls the global weather and climate system, 
a number of studies have also been carried out to under-
stand the effect of ENSO on malaria incidence across the 
globe. This will help in the measures to be taken to mitigate 
the malaria transmission and outbreak during ENSO years. 
Comparing the number of cases in a year with the decadal 
average, it had been observed that, during El-nino the cases 
were more and during La-nina, the incidences were less 
(Bhattacharya et al. 2006). The results of a study carried 
out over many countries in South America gave a statis-
tically significant effect of dry years on malaria (Gagnon 
et al. 2002). Similar results were observed in another study 
over the southern region of Africa, where the epidemic was 
predominant during La-nina years when compared to nor-
mal incidence (Mabaso et al. 2007). Observations in regions 
of Punjab showed that malaria was more endemic in a wet 
monsoon year followed by dry El-nino and in Ceylon, the 
incidence was significantly more widespread during El-
nino year than the other years (Bouma and Kaay 1996). An 
intense El-nino supported the increase in malaria cases in 
Meghalaya and La-nina supported the outbreak in Manipur, 
Mizoram and Sikkim (Dhiman and Sarkar 2017). Thus, to 
control and minimize the risk of epidemic, understanding 
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the factors affecting the mechanism of the disease at regional 
level is of greater importance. The main objective of the 
present study is to understand the inter dependency of major 
meteorological parameters which in turn could influence 
the Malaria outburst and secondly quantify and classify 
the role of each of the parameters which influences more to 
the Malaria load at state scale in the NE India. This study 
emphasizes the regional aspect rather than the whole NE 
state.

Study area, data and methodology

Study area

The area under the study is the whole north eastern region 
of India spread between 22° and 29°75′ north latitude and 
88°–97°25′ east longitude. It comprises 8 states namely 
Arunachal Pradesh, Assam, Manipur, Meghalaya, Mizo-
ram, Sikkim and Tripura (Fig.  1), covering an area of 
2,55,168 km2. Geographically these states share their bound-
aries with eastern Himalaya, river basins and neighbouring 
countries.

Data collection

The meteorological data needed for the study is obtained 
from Indian Meteorological Department (IMD), Pune for 
the years 1993–2018 (http://​www.​imdpu​ne.​gov.​in). Mete-
orological parameters included daily rainfall (0.25° × 0.25°) 
mean temperature, maximum temperature and minimum 

temperature (1° × 1° each), relative humidity (2.5° × 2.5°) 
and soil moisture (2° × 2°). The malaria data used for years 
1993–2018 was collected from National Vector Borne Dis-
ease Control Programme (NVBDCP), Ministry of Health & 
Family Welfare, Government of India (https://​www.​nvbdcp).

Methodology

Annual time series analysis and Pearson’s coefficient of 
correlation (CC) calculations for malaria incidence and the 
meteorological parameters were carried for all the 8 states in 
north-east India. For robust estimation, the analysis is done 
at 95% confidence level and if the two-tailed probability 
value was less than this confidence level (p ≤ 0.05), the CC 
was considered statistically significant. Apart from this, to 
understand the interdependency of weather parameters in 
each of the 8 states, correlation matrix is calculated for each 
of the NE states.

Regression analysis

Multiple regression models were used to understand the 
strength of relationship between the malaria incidence and 
different meteorological parameters. Coefficient of deter-
mination (R2) was obtained to know the overall accuracy 
of the regression done for each of the states. From the 
One-way analysis of variance (ANOVA) table, F-values 
were calculated, for each state. F-Test signifies the fit of 
the regression model with the available datasets. If the 
observed p-value of F-test was less than the significance 

Fig. 1   Study area, north-east states of India

http://www.imdpune.gov.in
https://www.nvbdcp
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level (0.05), then the regression model fits the data better 
than the intercept-only model.

The number of malaria cases was modelled as a func-
tion of weather parameters in terms of regression analysis. 
The correlation analysis between malaria incidence and 
meteorological parameters were ascertained during the 
ENSO (El-nino and La-nina) episodes to understand the 
effect of large scale climate patterns on malaria incidence 
and transmission.

Results and discussion

Correlation analysis was carried for each state 
between malaria cases and meteorological parameters 
(Figs. 2,3,4,5,6,7,8,9). The interdependence of every param-
eter in each state was understood using correlation matrix. 
In the following discussions, RF stands for rainfall, Tmax, 
Tmin and Tmean stands for maximum, minimum and mean 
temperature respectively, RH is relative humidity and SM is 
soil moisture. Also, AP is Arunachal Pradesh, AS is Assam, 

Fig. 2   Time series analysis 
and coefficient of correla-
tion between meteorological 
parameter and malaria cases in 
Arunachal Pradesh. * indicates 
that the values are statistically 
significant at 95% confidence 
level
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Fig. 3   Same as Fig. 2 for the 
state of Assam
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MA is Manipur, ME is Meghalaya, MZ is Mizoram, NA is 
Nagaland, SK is Sikkim and TR is Tripura. The state wise 
results are summarized below.

Arunachal Pradesh

The interdependency of climate parameters in terms of a 
correlation analysis showed that maximum positive correla-
tion was observed between Tmax and Tmean (+ 0.88). Weakest 
positive correlation was seen between RF and Tmean (+ 0.08). 
Weakest negative correlation was observed between SM 

and Tmean ( − 0.03) and moderate negative dependence 
was found between RH and Tmean ( − 0.59) in the state of 
Arunachal Pradesh. In Arunachal Pradesh the number of 
malaria cases varied between 30,000 and 60,000 from 1993 
to 2010. But, cases showed a sharp decrease from 2011 to 
2018. Correlation analysis presented in Fig. 2 revealed that 
the climate parameters are negatively correlated to malaria 
cases except for the Tmin (+ 0.19). Out of these, parameters 
that are observed to be significant are Tmax ( − 0.54) and SM 
( − 0.46). There was hardly any relation between the annual 
malaria situation and RH.

Fig. 4   Same as Fig. 2 for the 
state of Manipur
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Fig. 5   Same as Fig. 2 for the 
state of Meghalaya
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Assam

In the state of Assam also strong positive correlation was 
observed between Tmax and Tmean (+ 0.88). Least negative cor-
relation was observed between RF and Tmean ( − 0.14) and a 
moderate negative coefficient between RH and Tmin ( − 0.52). 
Among north-eastern states, Assam had registered the high-
est number of malaria cases, with over 2,00,000 cases and 
the highest death toll in the year 1995. Analysis presented 
in Figs. 3 indicates that only statistically significant nega-
tive correlation in state was observed between malaria cases 

and Tmax ( − 0.40). Tmin has shown no correlation at all with 
the malaria numbers. A bare minimum positive correlation 
was obtained in case of RF (+ 0.1) received over the state 
of Assam. Very weak to weak negative correlation was 
obtained between malaria cases and the Tmean ( − 0.29), RH 
( − 0.09) and SM ( − 0.30) in the state of Assam.

Manipur

The correlation matrix for the state of Manipur showed a 
strong positive correlation between Tmax and Tmean (+ 0.90) 

Fig. 6   Same as Fig. 2 for the 
state of Mizoram
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Fig. 7   Same as Fig. 2 for the 
state of Nagaland
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only. RH and Tmax ( − 0.07) revealed the weakest negative 
correlation in the state of Manipur and a moderate negative 
correlation was detected between RH and Tmin ( − 0.47). The 
state of Manipur had witnessed a violent malaria outbreak in 
the year 1994. A total of 7,845 cases were reported. Apart 
from this, the number of cases were less for the rest of the 
years under study (Fig. 4). Only during the 1994 outbreak, 
the death toll reached a maximum of 55. Correlation analy-
sis as presented in Fig. 4 revealed that no meteorological 
parameter played a statistically significant role in the malaria 

situation. RH was the only positively correlated parameter 
and the correlation was very weak (+ 0.15) with the malaria 
outbreak. All the other parameters were negatively corre-
lated. Among these, Tmax had a relatively moderate correla-
tion with the malaria epidemic ( − 0.34).

Meghalaya

The correlation matrix for the state of Meghalaya revealed a 
strong positive correlation between Tmax and Tmean (+ 0.88) 

Fig. 8   Same as Fig. 2 for the 
state of Sikkim
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Fig. 9   Same as Fig. 2 for the 
state of Tripura
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and a negligible correlation between SM and Tmean(+ 0.08). 
The negative correlation observed between Tmean and rain-
fall was negligible ( − 0.09) and a moderately weak negative 
correlation between RH and Tmean ( − 0.32). In Meghalaya 
(Fig. 5), the maximum number of malaria cases reported 
were 76,759 in 2009. The decrease in malaria cases in 
the state was not considerable. In 2018, 6,394 cases were 
reported with 6 casualties. A statistically significant moder-
ate positive correlation was seen in case of Tmax (+ 0.51) 
and Tmean (+ 0.52) with the malaria numbers in the state of 
Meghalaya. RF showed a negligibly small correlation with 
malaria occurrence (+ 0.02). RH( − 0.26) and SM( − 0.17) 
showed a very weak negative correlation.

Mizoram

The correlation matrix shows Tmax and Tmean (+ 0.88) has a 
strong relation in the state of Mizoram and no correlation 
at all between RF and Tmin. Negative correlation between 
RH and Tmean and between SM and Tmax ( − 0.08) was also 
observed. The correlation between RH and Tmin was mod-
erately negative ( − 0.34). In the state of Mizoram (Fig. 6) in 
the years 1995, 2010, 2014 and 2015 the number of malaria 
cases crossed a margin of 15,000. For the rest of the years 
under study, the cases varied from 4000 to 15,000. There 
was no sharp decrease in the number of cases as seen in 
Arunachal Pradesh and Assam. No parameter had a statisti-
cally significant effect on the malaria outburst in the state 
of Mizoram. The coefficient values observed were either 
very weak or weak or moderate. The positive correlation 
observed in case of Tmax can be considered small (+ 0.26) 
and the negative value observed in case of SM ( − 0.37) can 
be associated with epidemic moderately.

Nagaland

In Nagaland, the correlation matrix showed that a solid 
positive correlation between Tmax and Tmean (+ 0.89) and 
a weak correlation between RF and RH and also between 
Tmean and SM (+ 0.16). A very weak negative correlation 
was observed between RF and Tmean ( − 0.07) and a mod-
erately negative correlation between RH and Tmin ( − 0.38). 
In Nagaland (Fig. 7) the cases reported of malaria were 
much less than 5000 except for the year 2009. In this year, 
a total of 8,489 cases were reported. In 1994, a death toll 
of 253 was reported in the state which was highest in all of 
the north-eastern states till 2018. After this outbreak, the 
number of cases had decreased greatly. In 2018, 113 cases 
were reported with zero casualties. In the state of Nagaland, 
meteorological parameters that were statistically significant 
were RH ( − 0.42) and SM ( − 0.59). Very small negative 
correlation ( − 0.12) was observed in case of RF. Tmax dis-
plays no correlation in the state. Tmin and Tmean showed a 

moderate and small (+ 0.36) and weak (+ 0.17) correlation 
with vector-borne malaria respectively.

Sikkim

The correlation matrix for Sikkim revealed that a very strong 
positive correlation between Tmax and Tmean (+ 0.90) and 
no correlation between SM and Tmean ( − 0.01) and a very 
small negative correlation between RH and Tmax ( − 0.18). 
For Sikkim (Fig. 8), the number of cases reported and the 
deaths due to malaria were extremely less in comparison 
with all the other north-eastern states. The maximum cases 
reported were 278 in 2008. But there were no deaths that 
year. Only one death due to malaria was reported so far in 
the state which was in 2009. The correlation analysis done 
in the state of Sikkim revealed that the coefficient values 
were mostly negative with an exception of positively corre-
lated RF. This positive correlation was also negligibly small 
(+ 0.03). In the case of the meteorological parameters Tmax 
( − 0.38), Tmin ( − 0.28), Tmean ( − 0.39) and SM ( − 0.24), a 
moderate negative correlation was seen. It can be understood 
that no parameter plays a statistically significant role in the 
malaria situation in the state.

Tripura

In the state of Tripura the interdependency results showed a 
strong positive correlation between Tmax and Tmean (+ 0.87) 
and negligibly small correlation between RH and Tmax 
(+ 0.03). SM and Tmin were correlated very weakly ( − 0.10) 
and a moderate negative correlation was seen between RF 
and Tmax ( − 0.46). Tripura witnessed (Fig. 9), the maximum 
number of cases reported 51,540 in the year 2014 with maxi-
mum malaria deaths of 96 persons in the year. In this states, 
only significant parameter was SM ( − 0.49) which was asso-
ciated with the malaria cases but negatively. RF ( − 0.35) and 
RH ( − 0.32) too have seen a moderate negative correlation 
with the malaria epidemic in the state of Tripura. The cor-
relation seen in case of Tmax (+ 0.22), Tmin (+ 0.28) and Tmean 
(+ 0.28) temperatures was moderately small.

Based on the correlation matrix analysis for all the states 
to quantify the interrelation of the meteorological parame-
ters, it is inferred that a very strong correlation was observed 
between Tmax and Tmean in all the states of the north eastern 
region in India, with values varying between 0.87 and 0.90. 
Among these, highest positive correlation was observed in 
the states Manipur and Sikkim. Similarly rainfall had a posi-
tive link with the RH and SM in most of the states.

The results (as presented in Figs. 2,3,4,5,6,7,8,9) sum-
marized that malaria cases had significant negative rela-
tion with Tmax (in Arunachal Pradesh and Assam), SM 
(Arunachal Pradesh, Nagaland and Tripura), RH (Nagaland) 
and strong positive association only with Tmax and Tmean 
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in the state of Meghalaya. Based on correlation analysis 
(Figs. 2,3,4,5,6,7,8,9) observed in the year of maximum 
malaria cases in every state of the north-east region, it could 
be possible to give a favourable range of these parameters 
that could possibly account for the malaria outbreak. For 
rainfall, the highest number of malaria cases were reported 
when the annual rainfall was between 1500 and 2600 mm. 
In case of Tmax, Tmin and Tmean, malaria cases were high-
est for the thermometer reading 28°–30 °C, 18°–19 °C and 
23°–25 °C respectively. The suitable percentage of rela-
tive humidity found to be 70 to 90% for the malaria inci-
dences and transmission in the study region, which was also 
observed in earlier work (Bhattacharya et al. 2006) during 
the months May to Oct in the Indian region. RH observed 
to be varies from 70 to 92% with high variability in states 
like Arunachal Pradesh (86–92%), Nagaland (80–89%) and 
Assam (80–88%) whereas other states witnessed RH varies 
from 75 to 85%. The SM ranged between 0.26 and 0.34, and 
was observed to be fit for malaria incidence and outbreak in 
NE India. Annual averaged Soil Moisture seems to be high 
in Sikkim, Arunachal Pradesh (0.34–0.36) and in other six 
states it ranges from 0.27 to 0.32.

The variation in the number of malaria cases because 
of the combined impact of all the climate parameters are 
classified for each of the states in NE India in terms of the 

coefficient of determination i.e. R2 (Fig. 10). The figure 
clearly indicates that the malaria cases were associated with 
climate mostly in the state of Arunachal Pradesh (64%), 
Meghalaya (61%), Tripura (51%) and Nagaland (46%) 
whereas, the dependency was least in Assam (30%) and Sik-
kim (26%). Hence the predictability of malaria cases using 
the predicted weather parameters can be easily integrated 
for the states like Arunachal Pradesh, Meghalaya, Tripura 
and Nagaland.

One-Way Analysis of Variance (ANOVA) which 
reveals if there are any statistical differences between 
the means of the climate parameters and malaria cases 
is presented in Table 1 and the results for north-eastern 
states are also given in the same table. It represents the 
impact of climate parameters on malaria cases in 8 dif-
ferent states. The degrees of freedom for the calculation 
are 6 and 19. The observed p-value is considered to be 
significant for p ≤ 0.05. Arunachal Pradesh, Meghalaya, 
Nagaland and Tripura have seen a statistically signifi-
cant impact of climate parameters on the malaria situation 
across the state which are also supported in the determi-
nation analysis. Out of these states, malaria in Arunachal 
Pradesh and Meghalaya was observed to be most signifi-
cantly impacted by the meteorological parameters under 
study. For the states of Assam, Manipur, Mizoram and 

Fig. 10   State wise analysis of 
coefficient of determination 
which represents the net impact 
of weather parameters on 
malaria cases in north-east India
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Table 1   ANOVA results for 
north-eastern states

*Bold indicates the values are statistically significant at 95% confidence level

States Arunachal 
Pradesh

Assam Manipur Meghalaya Mizoram Nagaland Sikkim Tripura

F(6,19) 5.58 1.36 1.82 4.95 1.53 2.66 1.09 3.25
p-value .001* .278 .148 .003* .220 .047* .402 .022*
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Sikkim, the effect of meteorological parameters on the 
state-wide malaria was not of statistical significance 
based on the ANOVA results.

Climate‑malaria correlation during El‑nino 
and La‑nina years in NE India

The results of correlation analysis between malaria cases 
and climate parameters during composite El-nino and La-
nina years are presented in Table 2 and 3respectively. 
During El-nino years, the statistically strongest correla-
tion was observed between Tmax and number of malaria 
cases (+ 0.94) in the state Meghalaya. For the same state, 
the impact of Tmean was also of statistical significance 
(+ 0.88). A strong negative correlation was observed 
between RH and malaria cases in Nagaland ( − 0.89) dur-
ing the el-Nino years. Similarly, during La-nina years, 
only RH was observed to have a strong negative correla-
tion with the malaria outbreak ( − 0.84) in the state of 
Manipur. Rest of the parameters were of no statistical sig-
nificance indicating least/no association of la-nina with 
the regional malaria incidence.

Conclusion

Correlation analysis between the number of cases and major 
meteorological parameters revealed that a negative correla-
tion of statistical significance was observed for maximum 
temperature and soil moisture in three out of eight states in 
the North East Indian region, which is prone to malaria dis-
ease. Two states Nagaland and Meghalaya showed a signifi-
cant correlation of mean temperature and relative humidity 
with the malaria situation. Correlation of rainfall (Akhtar 
et al. 1996; Bhattacharya et al. 2006; Singh et al. 2002) and 
minimum temperature with malaria epidemic did not show 
statistically significant effect. The study was successful in 
giving a favourable meteorological condition for the vec-
tor production and transmission. The results of correlation 
matrix presenting interdependency of weather parameters 
showed that a very high positive coefficient of correlation 
was observed between maximum and mean temperature 
in the entire region of north eastern states and, except for 
three states, a minimum negative coefficient of correlation 
was observed between minimum temperature and relative 
humidity. ANOVA results showed that malaria in Arunachal 
Pradesh is observed to be most significantly impacted by the 

Table 2   The coefficients of correlation between malaria and climate parameters in states in NE India during the El-nino years

*Bold indicates the values are statistically significant at 95% confidence level

Rainfall Maximum temp Minimum temp Mean
temp

Relative humidity Soil moisture

Arunachal Pradesh  − 0.28  − 0.81  − 0.37  − 0.73 0.26  − 0.10
Assam  − 0.32  − 0.49  − 0.25  − 0.43  − 0.46  − 0.76
Manipur 0.82  − 0.69  − 0.09  − 0.50 0.34 0.13
Meghalaya  − 0.07 0.94* 0.61 0.88*  − 0.36  − 0.04
Mizoram 0.15 0.47  − 0.15 0.22 0.63  − 0.58
Nagaland  − 0.46 0.49 0.69 0.63  − 0.89*  − 0.49
Sikkim  − 0.83  − 0.24  − 0.04  − 0.16 0.05 0.55
Tripura  − 0.49 0.80 0.33 0.62 0.47 0.13

Table 3   The coefficients of correlation between malaria and climate parameters in states in NE India during the La-nina years

*Bold indicates the value is statistically significant at 95% confidence level

Rainfall Maximum temp Minimum temp Mean temp Relative humidity Soil moisture

Arunachal Pradesh 0.30  − 0.23 0.54 0.07  − 0.31  − 0.33
Assam 0.43 0.12 0.57 0.32  − 0.77  − 0.36
Manipur  − 0.36 0.48 0.65 0.60  − 0.84* 0.29
Meghalaya 0.12 0.23 0.06 0.29 0.49 0.55
Mizoram 0.07 0.39 0.74 0.78  − 0.20 0.32
Nagaland 0.65 0.17 0.18 0.24  − 0.44 0.04
Sikkim 0.05  − 0.24  − 0.12  − 0.04 0.21 0.37
Tripura 0.54 0.14 0.50 0.62 0.44 0.61
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net effect of all the meteorological parameters followed by 
Meghalaya, Tripura and Nagaland. El-nino has some impact 
while la-nina seems to be not affecting the malaria situations 
in the region. These findings will surely help the research-
ers in modelling the malaria incidences and preparing the 
mitigation strategies at state and regional level in place of 
taking a unilateral approach for the whole NE India region 
for pro-active health care.
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